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While obviously more work needs to be done on the value of aspiration through a catheter in the diagnosis of catheterassociated sepsis, a number of studies have found this process useful (1) , and I do not think that on the basis of the data presented in the study of Paya et al. one can with confidence conclude that the method is not useful. In seven cases (see Table 1 [2] ), there appeared to be a 10-fold difference between the number of organisms isolated from blood drawn through the catheter and the number isolated from peripheral blood. In six cases, however, in both the blood drawn through the catheter and peripheral blood there was more than 100 CFU/ml, and these cases appeared to be the main basis for showing that there was no value in the method for differentiation of the site of sepsis. However, Paya et al. do not appear to have performed appropriate dilutions on these particular blood samples. One cannot therefore claim that there were no differences in the colony counts in these two samples of blood. For instance, if there were 105 CFU/ml in the blood drawn through the catheter and only 103 CFU/ml in the peripheral blood, this would clearly be more than a 10-fold difference. However, the method employed in their paper would not have been able to identify these differences.
In addition, the definition of catheter-associated sepsis rested on the definition used in the study of Maki et al. Thus, a catheter is regarded as being positive only if more than 15 CFU could be detected on the catheter tip. However, a number of studies have shown that, particularly with central venous catheters, a cutoff lower than 15 CPU may be more appropriate (1) . The use of a lower cutoff value may also have altered their conclusions.
Thus, in summary, I agree with the conclusions of the authors in that the method as used by them with lysis centrifugation tubes was only of limited usefulness in the diagnosis of intravascular-device-related bacteremia. However, before the method can be stated to be totally devoid of value, a study needs to be performed in which appropriate dilution is performed such that when there are high numbers of organisms present, 10-fold-or-greater differences in numbers of organisms can be detected by the method in use. This does not appear to have been the case in this study. 6 and 7), the hub showed confluent growth of the same microorganism, suggesting that in these cases the origin of the IDRB was endoluminal.
These considerations lead us to question Table 2 showed colony counts above 100 CFU/ml in both peripheral and cannula blood cultures, suggesting that the growth was confluent and thus precluding precise quantita- The goal of our study was to find a simple technique using the Isolator for estimating the quantity of microorganisms in blood. Although further dilutions can be done, the routine culturing-technique at that time was examined and did not include this added complexity.
Because of the difficulty in obtaining sterile blood cultures through a nonsterilizable hub-type port, we felt this approach allowed contamination and with current technology offered no advantage over removal of the device over a wire. In our institution, this is routinely done in febrile, possibly bacteremic patients.
We agree that additional studies to determine the source of intravascular-device-related bacteremias and to diagnose them easily are indicated. These studies might include a modified culture method that would allow quantitation of bacterial densities greater than 100 CFU/ml and cultures of the device segments, tip, and hub. (3) . Using TSST-1 antiserum in contrast to affinity-purified anti-TSST-1 antibody as described in the original assay, a significant number of false-positives was found (59%, 10 of 17 tested) among nontoxigenic organisms, thereby suggesting very poor specificity of our assay (3) . Additionally, the sensitivity was reported at 82% (14 of 17 organisms tested positive for TSST-1). The authors go on to show that by employing anti-TSST-1 F(abl2 fragments in the first incubation step, the sensitivity and specificity improved to 94% (16 of 17 TSST-1-positive strains tested) and 94% (again, 16 of 17 TSST-1-negative strains tested), respectively (2). This strategy was chosen presumably to reduce nonspecific binding of the Fc component of the anti-TSST-1 immunoglobulin to protein A produced by some of the S. aureus colonies.
The results presented for the "colony immunoblot assay modified from that of Weckbach et al." suggest that the original method (3) was both insensitive and nonspecific and could not be expected to work, since many S. aureus strains The use of a differential quantitative blood culture technique (Isolator) to diagnose intravasculardevice-related bacteremia (IDRB) was studied prospectively. During septic episodes in 44 patients, blood was obtained simultaneously through the suspected infected device and from a peripheral venipuncture. The blood samples were processed by the Isolator technique, which enables easy quantification of microorganisms. The cannula was removed, and its tip was cultured semiquantitatively. Of the 52 cannulas studied, 15 were the cause of IDRB, but only 7 of these showed a significantly higher bacterial count in blood obtained through the device compared with peripheral blood. The bacterial count was higher in blood drawn through the device than in peripheral blood in four of six cases that did not fulfill the definition of IDRB. Some blood cultures obtained through the device were positive despite negative cultures of peripheral blood and cannula tips (six cannulas). Quantitative blond cultures were not useful in diagnosing IDRB in this study.
Intravascular-device-related bacteremia (IDRB) is a common problem in hospital intensive-care units (7) . It is not possible to prove that an intravascular device is infected unless the device is removed and its tip is cultured semiquantitatively. Although the catheter can be removed over a wire, it would be helpful to have a method for diagnosis of IDRBs that did not require removal of the device. Reports in the literature have suggested that quantitative blood cultures might be useful in determining the location of an intravascular infection, such as in suspected cases of infected valves, central venous access lines, and Broviac catheters (8, 9, 13) . The recent introduction of a sensitive blood culture technique that allows easy quantitation of microorganisms makes this approach to the diagnosis of IDRB feasible (3, 5) . During bacteremia, one might expect the bacterial count to be higher in blood drawn through an infected intravascular device than in a simultaneously drawn peripheral blood sample, as has been suggested in a small number of cases (4, 12) . Thus, diagnosis of bacteremia and proof that the intravascular device was infected would be obtained simultaneously.
We have conducted a prospective study of central venous, pulmonary artery, and arterial cannulas by using the lysiscentrifugation blood culture technique to quantitate the bacteria in blood samples. peripheral blood cultures, one culture of blood drawn through the suspected cannula, and culture of the cannula tip. Following is a detailed description of each culture.
MATERIALS AND METHODS
Blood for culture (10 ml) was obtained simultaneously from a peripheral vein by standard venipuncture and through the suspected cannula. A second peripheral venous blood sample (10 ml) was drawn at least 10 min but no more than 25 min later. When possible, a vein in the extremity opposite the site of the cannula was used. For the blood sample drawn through the suspected intravascular device, the stopcock was withdrawn and the three-way tap was externally disinfected with iodine solution left to dry for 1 to 2 min. A sterile syringe was inserted aseptically into the port of the threeway tap in order to draw 10 ml of blood. For pulmonary artery cannula samples, the initial 2 ml of blood or fluid was aspirated and discarded, and an additional 10 ml of blood was obtained with a new sterilized syringe. The 10-ml blood sample obtained through the intravascular device and the samples obtained from peripheral veins were inoculated into lysis-centrifugation tubes (Isolator; Du Pont Co.) for culture for bacteria and fungi, as previously described (5). Briefly, the blood was mixed with the Isolator contents and centrifuged at 3,000 x g for 30 min. The concentrate was then inoculated and streaked with a plastic disposable loop onto agar plates.
Each intravascular device then was removed aseptically after sterilization of the skin puncture site, and the distal 1-in. (2. 54-cm) segment of the catheter tip was cut off sterilely, dropped into a Culturette tube, and sent to the laboratory. The catheter tip was cultured semiquantitatively by the technique of Maki et al. (7) . Briefly, the catheter tip was placed onto the surface of a chocolate blood agar plate and rolled back and forth four times with a sterile forceps.
IDRB is defined as >15 CFU (of the same organism as grown from peripheral blood) grown from the cannula tip, as described by Maki et al. (7) . The amount of bacterial-fungal growth in the peripheral blood cultures is expressed as the mean value of the two peripheral blood cultures. 
RESULTS
Fifty-two cannulas from 44 patients with septic episodes fulfilling the study criteria were studied. Ten study cannulas represented two septic episodes in each of five patients. Two patients had two study cannulas in place during the same septic episode. One cannula was associated with a polymicrobial bacteremia, and results for each of the two bacteria were tabulated separately.
Fifteen study cannulas were shown to be sources of IDRBs. Blood obtained through seven of these devices had higher bacterial counts (over 30) than did peripheral blood. With the remainder, there was no difference in counts (Table   1) .
Six study cannulas associated with bacteremia did not fulfill the criteria for IDRB (<15 CFU on cannula tip). Nonetheless, increased colony counts were found in cultures of blood drawn through the intravascular device in four patients ( Table 2) . The results for all study cannulas removed during septic episodes of proven peripheral bacteremia are summarized in Table 3 .
Cultures of blood drawn through six study cannulas were positive for microorganisms when there was no growth from peripheral blood or the cannula tip (Table 4) . With 25 additional study cannulas, all blood cultures were negative, whether the blood was drawn through the cannula or from a peripheral vein. On the intravascular tips of three of these study cannulas, the bacterial count was more than 15 CFU in the absence of bacteremia. Two tip cultures grew coagulase-negative staphylococci, and one grew Candida albicans. On tips of seven cannulas not associated with bacteremia, bacterial growth was less than 15 CFU; on six of these seven, the organisms were coagulase-negative staphylococci.
Findings for the 31 study cannulas from patients with no detectable peripheral blood bacteremia are summarized in Table 5 .
DISCUSSION
Previous studies have suggested the value of using quantitative cultures of blood obtained from different points in the bloodstream to detect a suspected intravascular source of infection (8, 13) . This idea has been extended to detecting infections caused by Broviac catheters (9) .
In the present prospective study of patients in a surgerytrauma unit, we found 30 to >100 CFU more in blood cultures obtained through intravascular devices than in peripheral blood cultures in only 7 of 15 episodes of IDRB. In eight other IDRB episodes, however, there was no difference in colony counts between blood drawn through the infected cannula and blood drawn from a peripheral vein. These negative findings could not be explained by prior antimicrobial therapy (regardless of duration of treatment or susceptibility of the microorganism), duration of cannulation, or type of intravascular device. Quantitative blood cultures failed to predict intravascular device infection in more than 50% of episodes of IDRB. In other studies, smaller numbers of patients and different types of catheters and patients were used (4, 12) .
In this study, most of the bacteremias were caused by gram-negative bacilli, especially Pseiidomonas aeruginosa.
These organisms are a frequent cause of bacteremia in the surgery-trauma unit. Underrepresentation of StapI2'l1ococ-cus aureus and coagulase-negative staphylococci, commonly seen at our institution, is not explained. Our criterion for IDRB, i.e., >15 CFU on the cannula tip, is based on the findings of Maki et al. (1, 7) . In four of six bacteremic episodes that were not IDRB, however, colony counts in cultures of blood obtained through the device were higher than counts in cultures of peripheral blood. This was also observed by others (11) in a study of arterial cannulas. These episodes do not fit the definition of IDRB but may result from infection of the cannula at the hub or midsection rather than at the tip. Previous studies (6, 10) have suggested that colonization of intravascular devices may occur intraluminally at sites other than the tip. A second explanation is that contamination of the blood with skin microorganisms may occur while the blood is being drawn from the cannula. A sterilizable port is not available for drawing specimens from these cannulas. This problem has been discussed in a report on a study of 256 cannulas (2) . A third explanation is that the degree of bacteremia in the peripheral blood cultures was so small that it might have been missed by conventional culture techniques (7) . It is possible that the lysis-centrifugation method is more sensitive and detects low-grade bacteremias that are associated with cannula tip counts of <15 CFU.
The three episodes in which the cannula tip culture was positive (>15 CFU) in the absence of bacteremia may represent colonization or contamination at the time of removal of the cannula tip.
Compared with peripheral blood cultures, cultures of blood from intravascular devices seem to give high rates of both false-negative and false-positive results. In only 47% of IDRB episodes was the bacterial count higher in blood obtained through an infected cannula than in peripheral blood. Until further information is available, we consider differential quantitative cultures of blood drawn simultaneously from the suspected intravascular device and a peripheral vein to be inaccurate in predicting IDRB in the majority of patients.
